Ahigll intake of nitrates or nitrites is known to be hazardous to health. An analysis of drinking water from 225 wells in 11 Family Health. Worker Areas in the Kalpitiya peninsu1.a showed t h a t only 56% of these wells contain nitrate concentl.ations considered to he safe by the WHO (<50mg nitrate A). 31% per cent; ofthese wells contain a nitrate concentration hetween 50mg/l and 100mgA while the balance 17.44 contain very high nitrate concentrations ranging from 101-300 mgn. An analysis of 7 types food items commonly grown in the peninsula (sweet potato -I~~ornaeo hatntas, kurathampala-A~zaralrZI~us oiridis, gherkins -Czcc:zrrrr.is sp, anguna leaves-Tirnonius,iam.bosella, red onions-Allium, ceptr, potatc~cs -S'ola~l.irn~ tuberosunr and long heans -Vign.a cyindrica) revealed t h a t anguna leaves, long heans and kurathampala contain high nitrale c o n c e n t~~i t i o n s (2.79g/kg, l.lfig/kg and 3.25gkg respectively) on a wet weight basis. Of these, anguna leaves is one vegetable known to he eaten daily hy majority of the local population. From calculations hased on the average daily intake of anguna leaves (approximately 100g) and water (3 1) it is apparent that a person living in an area wit11 wells containing s100mg nitrateA would consume close to 6OOmg nitl.ate/.
Nitrate is considered to be one of the very important water pollutants t0day.l The sources of nitrate are both natural and anthropogenic. According to published reports" during the past two decades, nitrate levels in ground water of many countries has increased significantly because of the increased use of nitrogenous fertilizers. Such practices also result in increased exposure of man and animals t o high concentrations of nitrates in food, feed" and water, as nitrates can be incorporated into plants grown in soils containing high concentrations of this chemical.Vhe increase of nitrate in plants will be more rapid as the quantity of fertilizer applied to the soil increases.Vhe wide presence of nitrates and nitrites in substantjal quantities in soil, water and plants (including vegetables) has been a matter of concern in many developing c~u n t r i e s .~ According to Sudrand et al" the nitrate content of vegetables grown under intense cultivation with the use of fertilizers is very much higher than the physiological optimum that can be safely tolerated by humans.
Consumption of abnormally high concentrations of nitrates and nitrites is known to be del.eterious to health.*,'' For example, methaemoglobinaemia can develop due to the oxidation of the iron (11) of blood haenloglobin to the iron (111) state." Single oral doses of 2-4g nitrate or 60-500mg nitrite7 have been shown to produce toxic methaemoglobinaemia in humans. The lethal dose range in human adults is 4-50g for nitrate and 1.6 -9.5g for nitrite.7 Naturally occurring nitrites or those produced from nitrate^".^ can also give rise to toxic nitrosamines that have been implicated in the development of' various cancer^.^ Thus concern with nitrates in the environment is related in part to its conversion by biologi.ca1 systems to nitrite. In view of the clinical implications of abnormal nitrate and nitrit,e concentrations it is important to estimate the concentrations of these chemicals in different types of vegetables. and other foods grown under intense cultivation with a view t o subsequently controlling the concentrations of these chemical$ incorporated into such food items.%lthough the concentrations of nitrate and nitrite in food items of many countries have been e s t a b l i s l~e d~"~~~, there are no reports of similar studies having been carried out in Sri Lanlra.
Kalpitiya is a low-lying sand peninsula in Sri Lanka which has a closed aquifer and is intensively cultivated with food crops. Coconut plantations are still the principal crop grown jn Kalpitiya, although In recent years there has been a significant expansion of ultensjve horticulture. Onions, chillies and potatoes are the most important crops but other vegetables such as gherkins, okra and aubergines are also grown. The farms, which are typically snlall holdings of 0.5 -1.0 ha were brought into production following the clearance of scrub waste-land.
The geological succession on the Kalpitiya peninsula consists of regosols overlying some 15 -20m of fine coarse sands of marine origin. Beneath the sands are clays which in turn overlie a Miocene limestone. A thin fresh water lens occurs in the sands and is present at depths of 1-3m over most of the peninsula.ld Ground water that occurs in the limestone is more saline than that in the phreatic sand aquifer and, as a consequence, is not developed for water supply The phreatic aquifer is extensively pumped for both irrigation and potable water supplies, there being no other source of fresh water available. Recharge is by direct infiltration from both rainfall and return irrigation flows. Prior to the introduction of irrigated agriculture, groundwater flow under the peninsula would have been to the sea and the lagoon. However, development of the shallow aquifer has altered the natural flow regime and now g~oundwater flow within the phreatic aquifer is dominated by obstruction from the shallow open irrigation wells.'The soils of the peninsula are extremely permeable, consisting of 90-98% sand; hence there are no problems with drainage or water logging. Due to the intensive cultivation throughout the year, a large amount of chemical fertilizer is used by the farmers to increase the crop output. Due to the increasing application of nitrogenous fertilizer in a closed aquifer, the population of the area is in danger of consuming potentially harmful concentrations of nitrates through their food and water. The nitrate content in water and food items consumed by the population living In the Kalpitiya peninsula have therefore been investigated with a view to determining their average daily intake of nitrates.
METHODS AND MATERIALS
Area arid collectioli, of' sa?nples for analysis. Kalpitiya is a low-lying area in the North West of Sri Lanlca having a significant expansion of intensive horticulture. The samples of water for analysis were collected from shallow open wells used both for irrigation and domestic purposes in the Peninsula. A statistically significant number of drinking water wells (225) from all (11) the Family Health Worker Areas (FHWA) of the peninsula were selected randomly and 3 samples of water from each well were collected using a bucket from the ~niddle of the well. The samples of water were transported in plastjc bottles to the laboratory and analysed on the same day.
Of the different food crops culti.vated in the Peninsula 7 types namely sweet potatoes (Ipornnea batatas), red onions (Allium. cepa,), potatoes (Solanum tr~berosum), gherkin (Cu,cumi.s s p ) , anguna leaves (Timon,iu.s jnnlbosella), kurathampala (Am.a.ra17.th.u~ viridis) and long beans (Vigna. cyliizrica), that were extensively grown throughout were selected to determine the nitrate content. One hundred and fifty grams of each type were collected from each FHWA and transported to the laboratory. The composite samples made for each food. type were then weighed and stored for analysis. Information on the types of food eaten most frequently and the average daily intake of these items and drinking water consumed by the population of the area were recorded by means of a dietary survey by recall.
Reagen,ts: All the reagents used were of AnalaR grade and purchased from Sigma Chemical Co. Ltd, Poole, Dorset, UK.
Estimation of nitrate content i n samples of drinking water:
The water samples were analysed using a Nitrate electrode (Orion meter with specific ion electrode -Mode 93-07ldobule junction reference electrode, Mode 90102). For quality control purposes, 10% of samples randomly selected were also analysed by a more accurate ion chromatography method, using an ion liquid chromatographmodel ILC-1, waters with IC -Anion Column.
Estin~ation of nitrate colztelzt in food itenzs under investigation: The food items were a n a l~s e d by a distillery method as described by Piper( 1950) .lh Each composite was cut into small pieces not more than half a centimeter and 250 g from each weighed on a flat tray. Another two small samples of 150g from each food composite were also weighed and dried for moisture determination. The test samples were dried rapidly in an oven a t 55C" for 12-16 h. 300ml distilled water containing 10 drops of Conc. H,SO,were poured to cover the dried plant material, and the mlxture was filtered through a Buchner funnel fitted with a Whatman No.50 filter paper and connected to a pressure pump. The residue on the filter paper was washed 4 times with successive quantities of distilled water, until the f ltrate amounted to 600ml.
The filtrate was then transferred to a 1 litre Erlenmeyer flask, l g of MgO added and evaporated until the volume was reduced to 200ml Once cold, 2g of Devarda's alloy and 70ml of 30% NaOH were added. The flask was then connected to the condenser of a nitrogen distillation unit through an efficient splash trap. The reduction was allowed to proceed, f rstly in the cold for half an hour, secondly over a very small flame for another half an hour and thirdly, the ammonia was boiled off 111 the next half an hour. The ammonia was collected In 10-35ml of 0.02 mol dm ' HCI and the excess of acid titrated with 0.02N NaOH using methyl red. The amount of nitrate nitrogen in mg per kg (ppm) on a dry welght basis was calculated, and the data were presented on a wet weight basis. To establish the percentages ofrecovery from samples, 5 different samples spiked with pure nitrate solut~on were processed as above, and the mean recovery was 86%. Coefficient of variation was 3.8%.
Statistica,l a.na1ysts: The statistical analysis was carried out by means of Students t-test.
RESULTS

Nitrate content in drinking water
As evident from Table 1, of the 225 wells under investigation only 51% l~a d water wlth a nitrate content of less than 50mgA which is the WHO recommended safe upper limit:' Water samples in about 31% of the wells had nitrate concentrations between 51 and 100 mgA, while the rest of the wells contained even higher nitrate concentratjons extending up to 300 mgll. A comparison of duplicate samples suggests that the nitrate concentrations obtained by using the 1011 selective electrode are statistically correlated (r2=0.98) with the results produced by ion-chromatjgraphy method (Fig. 1) . A comparison of mean nitrate concentration in each of the category of wells (with respect to nitrate) under study with the nitrate concentrations reported in the North Western Province (NWP)17 and in the Jaffna peninsula,lx indicates that there is a significant difference in the nitrate content in the Kalpitiya waters (Tab1e 2a & b) . Thus the mean nitrate levels of all the different categories of waters in the Kalpitiya peninsula were significantly higher than the nitrate content of-waters of the North Western Province and the domestic wel.ls in Jaffna. About 12% of the wells analysed in the Kalpitiya peninsula also had markedly higher nitrate levels than those reported for farm wells in Jaffna. 
Figure 1: Comparison of nitrate concentration obtained from specific ion-electrodes and by ion-chromatography
Nitrate content of food items
Results in Table 3 show that all the foods analysed in the present study contained high njtrate concentrations. Anguna leaves, kurathampala and long beans contained the highest nitrate concentrations. When estimated on a wet weight, basis the approximate nitrate content per 100 g in Anguna leaves, Kurathampala and long beans were 300 mg, 325 mg and 115 mg respectively.
DISCUSSION
The potential health implications of the contamination of drinlring water by nitrates have attracted scientific attention since 1945, primarily in connection with methae~oglobinaemia. In a study on distribution of nitrates in potable waters in Sri Lanlia" high levels have been found in and around. main cities indicating a possible relationship with the population density. In the Jaffna peni.nsula, the groundwater contamination has been shown to be very highm,the nitrate 1.evels exceeding WHO limits by 100-150% in certain locations. This js attributed to the abundant nitrogenous waste matter in the form of human excreta and synthetic and animal fertilizer reaching the shallow groundwater table aided by the surface limestone aquifer, and these geological conditions have been shown to be ideal for the excessive accumulation of nitrates. In a study on pollution of the coastal aquifers of Sri Lanlra, the latrine soalcways have been suggestedz1 to be the most probab1.e responsible factor for the elevated nitrates, and t,he pathogens derived from the soakways as the more likely cause of infant mortality rates. However, the elevated nitrate levels were al.so considered to be due to leaching of nitrogenous fertilizers from paddy lands and intensively cultivated soils and a correlation between nitrate concentration and infant mortality rate has been ~uggested.~!'
In the Kalpitiya peninsula, monitoring of irrigation wells showed a clear correlation of ground water quality with land use.2L Groundwater within the intensively cultivated area typically had nitrate concentrations in the range of 10-15 mg 1.' compared to 0.2 mg 1.' within the non-cultivated lands. These latter concentrations were assumed to be the background concentrations prjor to cult,ivation. I t has been observed that the nitrate applied to the soil is washed down rapidly in to the water table during the periods of excessive rainfalllirrigation and that this plume of nitrate rich water migrates to the dug well as a pulse with little dispersion with the aquifer. The water from the irrigation well IS then spread over the cropped area where most of the applied water returns to the water table.
In view of the lack of soil humus at Kalpitiya, high rates of nutrient inputs are required; the recommended rates are 200-250 k g h a per crop as N, P,O, and KLO.L' The recommended fertilizers used are urea and vanous ammonium compounds (for nitrogen), triple super-phosphate (for phosphate) and muriate of potash (for potassium). Ammonium fertilizers were the most popular source of nitrogen.
The present investigation h a s revealed t h a t a large percentage of the population living in the Kalpitiya peninsula are in danger of ingesting high concentrations of njtrate via consumptiori of vegetables grown 111 the peninsula and the drinking water. These observations are not surprising, since a number of widely consumed staple foods are known to naturally contain nitrates with ahout 75%) of djetary nitrate being found in vegetables."': Results obtained in the present investigation at Kalpitiya are similar t,o findings 111 a study conducted by Tejera c t and Moller ct n12% in a rural population of Denmarlr. In these studies, they found that drinking water and vegetables were two rriajor sources of nitrates for the population under study. Massey and. Lees"" showed that consumption of nitrate and nitrite fiom pre~ervat~ives in cured meats and continental cheeses were very small. The dietary survey conducted in the present; investigation reveal.ed that most ixldividunls co~lsunled approximately 100 g of Anguna leaves/day which would contribu.te about 300 mg nitrate. Because Kalpitiya is a very dry area , on average, each person in the area consuines 2-3 1 of waterlday. In the areas where wells contain >I00 mg nitrate, a person consuming 3 1 of waterlday would have an intake of a t least 300 mg nitrate from the drinking water alone. If on1.y the daily average consumptio~l ofAnguna leaves and drinlcing water are taken in to consideration, a person living in an area where wells contain >100mg nitraten would be exposed to approximately 600 mg nitrate /day (which is a very high intake). If the nitrate content of other vegetables consumed are also taken in to account, the total daily intake of nitrates by an individual would be even higher.
Three major factors that are generally considered to be involved in the accumulation of nitrates by plantsz7 are genetic factors, light factors from the ecological environment and nutritional factors. Application of fertilizer4 and other factors related to the plant itself2%re additional factors that have been shown to influence nitrate accumulation by plants.
The frequent application of nitrogenous fertilizer for agricultural purposes coupled with the closed aquifer is probably the primary factor responsible for the very high concentrations of nitrates in vegetables cultivated in the Kalpitiya peninsula and in the drinking water of the area. Moreover, the annual increase in groundwater nitrate concentrations have been suggestedz2 to be close to 1-2 mg 1-'.
In addition, a clear connection has been shown between the land use and groundwater quality. The maximum groundwater nitrate concentrations have been found to occur in those areas which have been intensively cultivated for the longest period of time, whereas only low or background nitrate concentrations have been found in those areas where cultivation was minimal, suggestingz2 t h a t leaching of chemical fertilizers from intensively cultivated soils are responsible for the elevated concentrations of nitrate observed in many of the irrigation dug wells in the peninsula.
Ingestion of high nitrate concentrations has been implicated in the development of methaem~globinaemia.~" This condition is seen more frequently in infants than in adults due t o the higher pH of the gastrointestinal tract in new borns favouring bacterial growth; including those (especially Escherichia coli) which converts nitrates to nitrites, the latter being responsible for methaemoglobinae-A related observation made by Gruener'" that infants up to 6 months old when fed with powdered milk dissolved in tap water containing >45 mg nitratell developed methaemoglobinaemia which is a matter for concern. In another study carried out by us recently in the Kalpitiya peninsulaJ1, it was found that 64% of the infants of families living in the study area have methaemeglobin levels above, the normal range, being (0-210).
In conclusion, the present investigation provides supportive evidence for the view that drinking water and vegetables can be sources of high nitrate intake. Health hazards associated with high nitrate exposure, apart from acute methaemoglobinaemia and cancers remain undocumented. In view of the high percentage of infants i n t h e Kalpitiya peninsula who have abnormal methaemoglobin concentrations >2% it would be interesting to investigate the extent of nitrate related cancers in the study area. The degree of risk depends not only on the intrinsic toxicity of nitrates and nitrites, and the intake of food products considered in the study, but also on the overall dietary intake of these chemicals, as well as Nnitroso compounds present in the environment.
As a follow up to the observation made in. the present study it may be necessary to impose strict control on the use of fertilizers by farmers, especially in areas with closed aquifers such as the Kalpitiya peninsula.
